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A SPATIAL DECISION SUPPORT SYSTEM FOR FLOOD RISK 
MONITORING 
Suzette R. Burckhard, Civil and Environmental Engineering South Dakota State University, 
Brookings, SD 57007-0495 suzette.burckhard@sdstate.edu 
 
Abstract: Flooding is a natural phenomenon that has increasing impact on people and 
their environment.  This is very evident that in the devastation wrought by rising waters 
inundating homes and farms in East Africa.  Flooding only serves to exacerbate the crisis 
faced by people of that region as they struggle against famine and civil war.  A spatial 
decision support system was designed and used to simulate various future scenarios for 
the Nzoia River basin in Kenya.  The purpose of the decision support system was to assist 
in targeting aid relief to the areas of greatest need.  Additional constraints on the 
decision support system were to use as much data as possible that was not dependent on 
the at risk area.  Satellite imagery, historical rainfall-runoff data, digital elevation 
models, hydrologic derivatives, vegetation and land use information, and meteorological 
and climate data were combined to effectively model the physical processes at work.  By 
integrating the flood risk data into the GIS as well as population density, economic data, 
and transportation routes, timely information on the location and impact of the possible 
flooding can be shown as visual layers for the relief agency’s planning purposes. 
 
Keywords: 




Flooding is a natural phenomenon that has increasing impact on people and their environment.  In 2006, there were 232 flood 
events worldwide. These events lasted an average of 14 days and killed 8084 people.  The number of people killed is small 
compared to the number displaced, 14,464,396.  This coupled with the estimated damage US$9,591,481,480 and amount of 
land flooded, 1, 331, 026 hectares, gives a graphic view of the effect of flooding on populations and land (Dartmouth Flood 
Observatory, 2007).  This effect is even more dramatic if the people affected are already under a crisis situation like that 
experienced by residents of East Africa.  Flooding only serves to exacerbate the crisis faced by the people of that region as 
they struggle against famine and civil war. Unlike the United States, that has stream gaging stations operated by the US 
Geological Survey, state, local entities, and the National Oceanic and Atmospheric Agency, as well as data collection for 
forecasting flooding using US Corps of Engineers HEC-RAS modeling software, the countries in East Africa do not have on 
the ground measurements and warning systems.  Decisions regarding flooding and its long term effects are typically based on 
field reports, when available, and, more recently, satellite data.  This decision support system predicts flood risk for a region 
based on a convergence of evidence from rainfall-runoff models and other data.  By integrating flood risk data into a GIS 
with population density, economic data, and transportation routes, it provides timely and invaluable information on the 
location and impact of possible flooding for relief agency planning purposes.   
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Model Component Background: 
 
A study by the Interagency Group on Decision Support for Natural Resources and the Environment (IGDS) (1998) noted that 
rapid growth in the development and use of decision support systems has been generated by advances in technology and 
more widely available data.  As a result of this study, the IGDS has identified six functional stages of decision-making 
processes: 
• Determining the process – deciding how and who will decide 
• Setting the goals – establishing the environmental, economic, or social goals for managing natural resources or the 
environment 
• Describing the problem – defining yardsticks for success and boundaries for the next generation decision support 
tools to tackle 
• Gathering the information – collecting and integrating data, reports, expert judgments, stakeholder experiences, 
previous studies, etc. 
• Evaluating the alternatives – generating, comparing, and selecting among alternative courses of action using 
multiple and often competing criteria. 
• Learning from feedback – from both the outcomes of modeled alternatives and from the decision process itself. 
Based on these stages and certain common characteristics of decision making processes, IGDS further suggested a list to use 
in identifying valuable decision support tools. Some of these criteria include; the use of readily available and affordable 
hardware and software, intuitive and adaptable user interfaces, modularity in design, methods for remote visualization, the 
use of standard data and models whenever possible, and full documentation of the steps implemented in determining the 
outcome of a decision process.   
 
Worrall (1991) has estimated that 80 percent of data used by decision-makers is spatially related.  Geography, therefore, is a 
reasonable mechanism for organizing and indexing data used in making decisions.  Many spatial decision problems will 
involve uncertainty and imprecision (fuzziness) that make them difficult to predict the outcome of a particular decision in a 
straightforward manner.  As Malcewski (1999) stated real-world spatial problems usually involve large numbers of 
alternatives that are evaluated on the basis of multiple criteria, whether quantitative or qualitative.  Densham (1991) suggests 
that problems of this type are most effectively analyzed using a spatial decision support system with some of the following 
characteristics; an explicit design to solve ill-structured problems, an ability to combine analytical models flexibly with data, 
an ability to explore the solution space by ‘building’ alternatives, and an allowance for interactive and recursive problem 
solving.   
 
Maleczewski (1999) believes a GIS combined with appropriate models and an expert system can provide the structure for an 
effective spatial decision support system.  One approach suggested by Golledge and Stimson (1997) is to spatially define the 
risk of a natural event, like a flood, by not only the likelihood that the event will occur, but also the likelihood that it will be 
severe enough to cause concern among the population.  The more psychologically prepared that people are to expect a flood 
event, the less impact it has to cause havoc, even in severe cases.   
 
Based on the background noted, this decision support system was designed in a step-wise manner consist with the IGDS 
suggestions.  The Famine Early Warning System (FEWS) is a USAID-funded group that collaborates with international, 
national, and regional partners to provide timely and rigorous early warning and vulnerability information on emerging or 
evolving food security issues in sub-Saharan Africa. In an effort to provide early warning of potential flood emergencies in 
Africa, FEWS had funded some initial studies that looked at the possible methods for monitoring flood risk in the region.   
 
In order to create a decision support system to monitor flood risk, the flood risk has to be quantified.  Existing flood risk 
models work on a two dimensional basis by modeling the stage or height a river or stream will reach along its channel based 
on a given flow.  The chosen flow is based on the statistical treatment of historical flood data to calculate the probability of a 
particular flow occurring, i.e. a 100 year flood has a one percent probability of occurrence at any time.  One of the first 
attempts to identify a method for monitoring flooding for East Africa was the Basin Excess Rainfall Maps (BERM) (RANET, 
2001), which relied on rainfall excess.  This rainfall excess map was used alone to determine the risk of flooding for a river 
reach or drainage basin.  Another, more complete model, was developed by Dvorsky et al. (1999) and it used Meteosat daily 
rainfall estimates to create a spatially distributed hydrologic model using soil-moisture accounting methods.  This method 
uses a bucket model to calculate the runoff on a cell by cell basis across a one-kilometer grid that corresponds to the raster 
data sets for elevation and hydrologic derivatives used in the analysis.  Overland routing of the runoff is accomplished using 
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the spatially distributed hydrograph concepts developed by Olivera and Maidment (1999) that calculates the travel time from 
each grid cell to the basin outlet as a function of its location and slope.  Neither of these models produces a GIS layer that 
clearly indicates flood risk for a geographic area.   
 
The Geospatial Streamflow Model (GeoSFM) developed at EROS Data Center, Sioux Falls, SD by the Famine Early 
Warning System Network (FEWS NET), is capable of producing flood inundation maps based on input data from satellite 
rainfall estimates, rainfall forecasts, potential evapotranspiration data, soils data, land use/land cover data, and elevation data.   
Development of this model was described at the International Hydrology Forecasting course on October 30, 2003 in Kansas 
City, MO (NWS, 2005). The GeoSFM produced a stream flow model that consisted of a grid cell based water balance, a 
lumped parameter and a distributed parameter runoff routing routine to forecast a stream stage level.  The stream stage was 
then fed to a post-processing module that intersected this information with the elevation model to produce a flood inundation 
map.  Results from this model were used to predict and monitor flooding in East Africa (FEWS NET, 2003).  The original 
model was developed as an extension to ESRI’s ArcView 3.2.  Since the ArcView 3.2 software product is no longer 
supported, it appears that GeoSFM is no longer supported either. 
 
Since the proposed decision support system is to interface with spatial data, a GIS based rainfall-runoff model designed to 
simulate runoff from real and hypothesized events that produces a GIS flood inundation layer would provide the perfect 
solution.  Other than the GeoSFM model, the other models described do not produce a spatial layer of predicted or forecast 
flooding extent.  The development of such a GIS based rainfall-runoff model was undertaken by Paulson (2002).  Criteria 
used in designing the rainfall-runoff model were the ability to predict stream flows and stages from ungaged watersheds 
using remotely sensed data and to produce a GIS layer of flood potential as an output.  Input to the developed rainfall-runoff 
model includes GIS layers of land cover/land use, soils, precipitation, and digital elevation model (DEM) of the area and 
DEM derivatives that relate to flow direction and accumulation.  The model calculates runoff from individual grid cells based 
on incident precipitation, provided by a GIS precipitation layer derived from satellite based measurements or a precipitation 
gage network, and the NRCS Curve Number (USDA-NRCS, 1986) calculated based on grid cell land cover/land use 
characteristics and slope. Routing of the flow is accomplished by calculating the path length from the grid cell to the chosen 
hydrograph location by utilizing a path of least resistance approach.  The model was validated using data from 1993 to 1996 
for the Salt Creek basin located northwest of Lincoln, Nebraska before using the model for the Nzoia Basin in Kenya.  The 
output from this model is a GIS layer depicting flood extent.  Additional discussion of the model development and validation 
can be found in Burckhard and Paulson (2007). 
 
For current conditions, the decision support system could use remotely sensed imagery to show current flood inundation 
areas such as the imagery shown at the Dartmouth Flood Observatory (2004) or on the ground reports.  The use of imagery or 
on the ground reports would be for existing conditions and would not reflect anticipated or forecast conditions.  Anticipated 
conditions would be calculated using the rainfall-runoff model and forecast precipitation reports.  
 
The next step in the decision support system development was to choose a knowledge base system or expert system that will 
be used to store the available facts associated with flood risk decision making.  An existing expert system, Netweaver 
(Reynolds, 1999b), was chosen.  Netweaver software was developed by Pennsylvania State University and incorporated into 
the Ecosystem Management Decision Support (EMDS) (Reynolds, 1999a) system by the USDA Forest Service Pacific 
Northwest Research Station.  Netweaver creates object-oriented fuzzy-logic networks that are modular instead of a rule based 
design.  Although not specifically designed for flood risk, Netweaver represents knowledge as a hierarchical set of 
dependency networks and contains an inference engine to evaluate them and these hierarchical dependency networks can be 
designed to meet the needs of a flood risk monitoring decision support system.  The dependency networks are hierarchical 
and can also be interconnected with other hierarchies in a network topology that models real-world constructs.  Reynolds 
(Netweaver, 1999) recommends beginning at the top of the hierarchy with the highest-level dependency network and 
building the network structure below.   The Heron Group (Parker and McFadden, 1999) produced an evaluation of the 
potential for Netweaver to assist USAID in developing results frameworks, integrating information for improved decision 
making, and managing results. 
 
Next the goals were described.  The goal for this decision support system is to focus on humanitarian concerns related to 
flooding with the problem of targeting food aid to flood victims.  The Nzoia Basin in Kenya, shown in figure 1, was selected 
as a test area due to the availability of data and number of recent flood events.  The Nzoia Basin has experienced extensive 
flooding in 2003 and 2006, as well as in past years.  There is extensive data maintained by the Kenya government as well as 
FEWS, including Food Security Updates.  These updates are issued at various time intervals and detail information on how 
secure the food supply for a particular geographic region is based on weather conditions, crop reports, agricultural reports, 
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commodity prices, and other locally produced reports.  An example of a food security update can be found at 
http://www.fews.net/centers/files/Kenya_200210en.pdf.
Figure 1.  A map of the Nzoia Basin in Kenya, showing its location northwest of Lake Victoria, towns located within the 
basin, stream gaging stations, and meteorological stations. 
 
Based on the stated DSS goal and problem, information is gathered.  FEWS has developed protocols for targeting emergency 
food aid in response to flood induced, rapid onset food crises (Sharp, 1999).  There are three levels at which decisions are to 
be made.  The first level is the national level that includes representatives from the government, foreign donors, and relief 
agencies like FEWS who prioritize needs and select appropriate strategies for intervention.  The second or sub-national level 
includes local governments and NGO’s working in the area deciding how to distribute the aid to districts and villages.  
Finally, at the beneficiary level, households and individuals are targeted for special needs assistance.  The idea in targeting 
aid is to get the maximum impact of limited resources and to minimize the chance of dependency.   
 
Given that limited data is available and some of the data necessary to make a decision may be of questionable quality (fuzzy), 
fuzzy logic and fuzzy variables will be employed to better express concepts involved and allow more generalized decision 
processes to be constructed.   
 
Decision Tree development 
 
The development of the food aid decision tree is driven in part by the typical information provided in the FEWS NET Food 
Security Updates.  The number and type of individual decision trees necessary for targeting food aid include several distinct 
parts; a risk of flooding in the area of scrutiny, an identification of the population at risk, needs such as food, drinking water, 
or shelter, alternative solutions such as access to food markets an stored food stocks and the potential for outbreaks of 
disease.  The first decision tree, “Target Aid” is the top level of the dependency network and is shown in figure 2.  “Target 
Aid” begins with a mandatory initial OR node from which is hung an AND node that will be used to AND the truth values 
determined by the subsequent “Flood Risk” and “Needs Assessments” decision trees.  For our knowledge base to evaluate a 
decision that aid must be targeted to the flood victims, the “Flood Risk” and “Needs Assessments” decision trees must both 
return TRUE values, signifying that there is indeed significant flooding in the area being studied, and that the population is at 
risk and needs assistance.  The truth value for the “Flood Risk” decision tree is returned from the AND node which ANDs 
together the truth values for “Rainy Days,” “Streamflow,” “Upstream,” and “Forecast” dependency networks shown in 
figures 3, 4, 5, and 6 respectively.  This structure indicates that to have a flood situation that requires targeting assistance, the 
knowledge base looks for high antecendent moisture conditions assessed by the amount of recent rainfall in the contributing 
watershed, a streamflow at the Nzoia River Basin outlet that is above flood stage, significant amounts of runoff in the 
upstream drainage areas that has yet to reach the basin outlet, and a forecast of more rainfall continuing over the contributing 
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region.  The indicators included here are those that may be obtained from satellite data, current flow condition from field 
observation or output from a rainfall-runoff model, and weather forecasts.   
Figure 2. Target Aid decision tree showing 
dependency networks for flood risk and needs. 
 
Figure 3.  Rainy days dependency network that calculates the 
average total rainfall over the past 5 days and returns a TRUE if 
the value is greater than the threshold value which is set as 120% 
by the normal rainfall. 
Figure 4.  Streamflow dependency network that returns a TRUE if the stream flow is greater than or equal to 95 percent of 
the historical average flow.  An indeterminate value is determined if the stream flow is greater than 75 percent but less than 
95 percent of the historical average flow, else a FALSE is returned. 
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Figure 5.  Upstream dependency network that 
calculates whether runoff exceeds 75 percent of 
the runoff in the system for the current day which 
will result in a TRUE condition. 
Figure 6.  Forecast dependency network showing a single data link 
node to define a fuzzy input argument that specifies the rainfall 
forecast for the next days as “light,” “moderate,” or “heavy.”  The 
lowest level is FALSE. The intermediate level is indeterminate and the 
highest is TRUE. 
In contrast to the “Flood Risk” decision tree, the “Needs Assessment” tree is structured with an initial OR node that will 
return a TRUE value if any of the subsequent dependency networks, “Food,” “Drinking Water,” “Shelter,” “Disease,” 
“Infrastructure,” or “Agriculture” are TRUE.  Here the knowledge base will evaluate conditions on the ground that affect the 
population in the flooded regions and put them at an unacceptable level of risk for starvation, water borne diseases, lack of 
shelter and transportation, and loss of livelihood.  Input to this model can be obtained from on the ground reports, food 
security updates from FEWS-NET, or predicted based on intersecting the flood inundation GIS layer with demographic 
information layers.  The quality of data would then depend on the source, with direct data being of higher quality, potentially.   
 
The “Food” decision tree, shown in figure 7, depends on the actual shortage of food, the amount of stored food that is 
available, and the market forces that determine whether at risk populations can purchase food (Reuters, 2007).  Figure 8 
shows the dependency network for determining if there is an actual shortage of food based on number of people affected and 
reports of poor conditions, the number of at-risk people, specifically children and pregnant women, and the number of people 
who require special diets when these special foods may not be available.  Figure 9 shows the availability of food based on the 
percentage of open markets after flooding and the inflation rate of the food that is for sale.  Much of this knowledge can be 
gathered from onsite reports from aid agencies, FEWS-NET, local officials, and governmental sources.  The ability to weigh 
the nodes in the knowledge base dependency networks is very useful in evaluating these types of information since a weight 
can be assigned that corresponds to a measure of its reliability.  In this manner, different data sources and qualities can be 
used together without unduly affecting outcome of the decision process.   
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Figure 7.  Food decision tree that is intended to provide a TRUE or FALSE answer to the question of whether food aid 
should be targeted to flood victims.  This tree depends on several other decision trees, namely food shortage, food storage, 
and market forces. 
Figure 8.  Shortage decision tree showing 
dependencies of the population at risk of starvation, 
of people that have special dietary needs such as 
children and pregnant women, and people who 
require special foods to meet religious restrictions.  
Values are based on percentage of the overall 
population and their vulnerability based on past flood 
recovery experiences. 
 
Figure 9.  Market decision tree showing the dependencies on the 
availability of food and the affordability of that food.  The ‘food 
for sale’ values are based on percentage of open markets after 
flooding.  Based on prior flooding aftermath, prices that rise at a 
rate of 20% to 25% over pre-flooding prices would affect the 
ability of the population to obtain food. 
 
The “Drinking water” decision tree is shown in figure 10.  The response from this node is calculated based on the availability 
of local potable water either through a different source, well water or a different stream, or whether treating the non-potable 
water is an option, for example boiling the water.  Figure 11 illustrates a similar structure for “Shelter” since the need for 
temporary shelter depends on what is available locally from governmental entities, family or friends.  The “Disease” decision 
tree, shown in figure 12, uses logic nodes to evaluate whether or not disease is a threat to the population in the flooded 
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region.  Cholera, a deadly water borne disease, must be addressed quickly by aid workers.  If a cholera outbreak has been 
identified and there is a problem with clean drinking water in the region, then the “Disease” network will be TRUE.  A 
disease outbreak may be predicted by the destruction of latrine facilities or the intersection of the flooded extent GIS data 
layer with a GIS layer depicting sanitary sewer sites or facilities.  There are also diseases carried by mosquitoes which can 
spread where there are very wet conditions.  The probability of mosquitoes infesting an area would increase with a lengthy 
inundation of flood waters, which could be predicted by the rainfall-runoff model based on present conditions and forecast 
conditions.  If there are outbreaks of Rift Valley Fever or Malaria and mosquitoes are deemed to be a problem, the “Disease” 
condition will also be set to TRUE.   
 
Figure 10.  Drinking water decision tree 
showing a calculated fuzzy argument that 
takes into account whether other sources of 
water are available or if boiling of water 
would provide potability.  The values 
represent the percentage of the population 
affected by water non-availability. 
Figure 11.  Shelter decision tree showing a calculated fuzzy 
argument that takes into account the percentage of people who 
require temporary shelter, due to an intersecting of the flood 
inundation with pre-flood housing, depending on the availability of 
local shelter from governmental sources, friends, or family. Values 
are based on resiliency factors associated with close communities, 
families, available unoccupied housing and other factors. 
Figure 12.  Disease decision tree showing dependencies on whether diseases have been identified as well as certain 
contributing factors, such as mosquito populations.  
Burckhard,  A Spatial Decision Support System for Flood Risk Monitoring 
The “Infrastructure” decision tree is shown in figure 13.  There are two calculated data links that are used to input the 
predicted values for percentage of roads flooded and the percentage of bridges destroyed in the area’s main transportation 
network.  The inputs to the data links are from the GIS layers depicting road networks and flooding.  Aside from making 
delivery arrangements, either by air or by boat for needed relief supplies, there will be an ongoing requirement for repairs and 
reconstruction of the road network.  Any major damage to the major infrastructure of a region will affect the economy by 
impeding the movement of goods to market.   The threshold values noted will depend on the amount of redundancy that 
exists in the transportation network.  For a less redundant transportation network, a smaller percentage of destruction would 
cause more problems than for a more redundant transportation network. 
 
Figure 13. Infrastructure decision tree showing dependencies on fuzzy inputs for flooded roads and damaged 
bridges, either of which will impede aid delivery to the affected area.  Values are based on past flooding experiences 
as well as analysis of flood inundation patterns intersecting major and minor transportation routes. 
Figure 14 shows the “Agriculture” decision tree and its dependencies on the cropland, equipment, and livestock decision 
trees.  Figure 15 shows the “Cropland” decision tree and its dependencies on seed, fertilizer, and chemicals.  The estimate of 
percentage of crops damaged or destroyed in the flooding would indicate whether a food shortage will occur.  Depending on 
when a flood occurs, there may be crops waiting for harvest or crops that have already been harvested.  There may be a need 
to increase the yield from a growing or soon to be planted crop, by adding fertilizer, in order to meet a future food shortage 
due to destroyed stored food.  Each of these factors could be obtained by on the ground reports or estimated by intersecting 
GIS layers of information, such as “greenness” of crop area and/or projected crop yields with flood inundation patterns.  The 
percentage of equipment destroyed can be estimated from the input data layers showing farm equipment owned and flood 
extent.  Figure 16 shows the “Livestock” decision tree with losses of livestock and livestock illness due to flooding.  Fuzzy 
argument surfaces are defined for the percentages at which livestock must be replaced or treated for diseases to prevent 
losses.  The values used are based on percentages of lost or sick livestock that would affect the production of food, such as 
milk, or the use of the livestock as labor animals.  The threshold values are determined from past flood recovery operations. 
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Figure 14. Agriculture decision tree showing 
dependencies on affected cropland, equipment 
and livestock. 
 
Figure 15.  Cropland decision tree showing dependencies for destroyed 
crops, seed stocks, fertilizer needs and chemical needs, such as pesticides. 
Figure 16.  Livestock decision tree showing dependencies on percentages of livestock lost due to flooding and percentages 
sickened by flooding effects. 
Decision Support System Simulation and Discussion 
 
Once the decision trees are created and stored in the knowledge base, we can create an example assessment and evaluate how 
the dependency network can support decisions.  The area we are studying within the Nzoia Basin is near the outlet where 
frequent flooding has occurred in the past.  The decision support system will be used to determine if any assistance should be 
targeted to this area to help victims of flooding.  Figure 17 shows an output image that highlights the region of anticipated 
flooding.   
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Figure 17.  Output graphic showing the region of the Nzoia Basin predicted to be affected by flooding and the 
associated administrative units dividing the Nzoia Basin. 
 
Using the data sets for the population and the flooding area shown in figure 17, the first necessity is to identify whether 
people are without food due to the floods.  Results from intersecting the food storage data layer with the flooding extent data 
layer showed that up to 75 % of the food stored in two administrative areas had been damaged in the flood, while up to 50% 
of food in an adjacent administrative area has been damaged.  Although food has been damaged, this does not mean that food 
is not available.  Food can be purchased on the open market unless it is not available or the price is not affordable.  
Additional information can be input to the model noting the market availability of food and pricing if these factors are 
known.  The factors could be estimated as well, based on pre-positioning of food stores in anticipation of an emergency. 
 
Given the above conditions, the “Target Aid” decision tree shows TRUE for “Flood risk” due to the immediate flooding as 
predicted by the model and the determination of whether or not to target food aid to the region rests with the truth value for 
the “Needs Assessment” node.  That node will also be TRUE if our “Food” node is TRUE.  In turn, the truth value for the 
“Food” node depends on the truth values reported from “Shortage,” “Storage,” and “Market” nodes.  We know from figure 
18 that there is a significant population at risk of starvation or poor nutrition in the flooded area, so the “Shortage” node will 
be TRUE.  The percentage of stored food stocks that were damaged due to the flooding also causes the “Storage” node to be 
TRUE.  Finally, there are predicted problems with availability and price in the flooded administrative districts that cause the 
“Market” node to be TRUE.  Therefore, the decision tree “Target Aid” also becomes TRUE.   
 
The above scenario was a hypothetical event that might occur given a flood occurring in the Nzoia region and certain food 
stocks being destroyed.  This scenario was compared to recent flooding in Kenya in 2006.  Utilizing information from the 
United Nations Office for the Coordination of Humanitarian Affairs (UNOCHA, 2006), the various inputs to the decision 
support system were verified for the Nzoia basin.  The area that flooded in late 2006 did not match the area predicted by the 
model since the river that flooded was the Tana river basin.  More rain is expected so conditions are predicted to worsen 
according to the UN report.  The flooding has affected the Dadaab refugee camp with 100,000 Somali refugees in residence.  
Further investigation notes a pre-positioning of food stores by the Government of Kenya with the only current problem being 
logistics.  Based on this information, the values chosen for the nodes would be similar to those used for the previous scenario 
except food available would be TRUE and a FALSE value for “Target Aid” would be returned.    The response to this 
particular area was to continue monitoring the situation while immediate aid was targeted at areas along the coast that were 
experiencing disease outbreaks due to unsanitary conditions and lack of food. 
 
The Nzoia Basin flooding simulation shows that the incorporation of GIS based data into a decision support system allows 
for a targeted delivery of aid based on risk factors.  Individual GIS layers of information were used to create a different GIS 
layers based on the intersection of flooding with food storage, at-risk population and affected infrastructure.  These new 
layers served as input to the decision support system through fuzzy data links.  The form of the fuzzy surfaces can be 
changed to reflect past experiences, quality of data, or other factors.  The final output from the decision tree is whether aid 
needs to be targeted to the flood affected area, based on numerous input factors.  Given multiple areas requiring emergency 
aid, a priority list could be assembled from the output of the decision support system based on input variables.  Alternatively, 
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the inputs of the decision support system could be used as determining factors in targeting reconnaissance trips.  If multiple 
disasters occurred in a short period of time, the time required to obtain the necessary information to make aid decisions will 




The decision support system designed by the authors has several advantages over traditionally based approaches.  The first 
advantage is that there is no dependence on ground based monitoring networks since all of the input data could be derived 
from existing sources, satellite data, or predictive models that utilize satellite data and historic conditions. The second 
advantage is the integration of rainfall-runoff models into the decision support system providing a valuable linkage between 
risk predictions and subsequent decision analysis. Last, the enveloping GIS architecture provides the basis for all of the 
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